The aim of the present study was to investigate the composition of Lawsonia inermis (henna) seed oil from Morocco and to evaluate some of its activities in order to use it in cosmetics. Phytosterols are valuable henna-oil constituents, but henna oil does not present any interesting antioxidant activity.
Lawsonia (family Lythreacea) is a monotypic genus represented by L. inermis Linn. (syn. L. alba), a plant native of South West Asia and North Africa. Widely known as henna, the ground, dry leaves have been used for years in cosmetics for staining hands, as hair dye as well as in folk-medicine as a prophylactic against skin diseases [1] . Therefore, L. inermis is considered as a safe cosmetic material [2] , well regarded by the cosmetic industry [3] . In recent years, the interest devoted to natural antioxidants has risen considerably and there is currently a great interest in finding new and safe sources of natural antioxidants.
Even though studies on L. inermis seeds have already led to the isolation of a protease inhibitor [4] , the chemical composition of the seed oil and its antioxidant capacity have only been poorly studied and most studies were carried out on seeds grown in Asia [5, 6] . However, whole plant extracts have shown significant potential in scavenging free radicals and in inhibiting lipid peroxidation [7] , two properties highly valued in the cosmetic domain. Consequently, we decided to investigate the possible valorization of L. inermis seeds harvested in Morocco through the discovery of natural antioxidants in its lipids. Seed oil extraction was performed using an ultrasonic-assisted extraction technique and n-hexane as solvent. Extraction yield was 4.0 ± 0.2 %.
The fatty acid composition of the seed oil was determined by transforming the fatty acids into their methyl esters, followed by gas phase chromatographic estimation. Unsaturated fatty acids, such as oleic and linoleic acids, were found to be the main components of L. inermis seed oil (Table 1) , making up to 67.0% of the total fatty acids. The majority of the fatty acids identified were identical to those previously reported [5, 6] . Nevertheless, large variations were observed in terms of percentage; the most striking features were the low content of stearic and oleic acids found during our study, which were 4.6% and 10.6%, respectively vs 15.7% and 34.6%, respectively, in Asian henna [5] , and the large content of linoleic acid of 56.3% found during our study vs 29.3% reported in the literature [5] .
Although the high linoleic acid content of the hexane extract of henna seed could make it sensitive to oxidation, the presence of this fatty acid adds beneficial effects to the oil. Table 2 shows the sterol composition. β-Sitosterol, which is widely used in cosmetics, constitutes about 61.2% of the total oil sterols. Undoubtedly, such a high content could be used as a selling point and it consequently reinforces the potential use of henna seed oil in cosmetics. Values are given as means of three replicates ± SD. Values are given as means of three replicates ± SD Polyphenol concentration was determined using gallic acid as standard from the fitting curve (y = 0.0026 x + 0.0266; R 2 = 0.9972). The n-hexane extract of henna-seed oil presented a low polyphenol-content (Table 3) , as anticipated since polyphenols are highly polar compounds. The antioxidant activity attributed to polyphenols is of high value for cosmetics, so we decided to evaluate the antioxidant activity of this fraction using three methods: the --diphenyl-picrylhydrazyl (DPPH) free-radical scavenging method [8] , the ferric reducing antioxidant power (FRAP) method [9] , and the ammonium salt of 2,2'-azinobis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS) radical scavenging assay [10] . Henna-seed oil exhibited very weak anti-radical activity in all three assays (Table  3) . Therefore the antioxidant potential of henna seed-oil cannot be used to promote its use in the cosmetic domain.
In conclusion, the fatty acid and sterol content of henna seed oil makes this oil a potential active ingredient in the cosmetic domain, but no significant radical scavenging activity should be claimed unless the oil is mixed with antioxidants.
Experimental

Plant material and extraction:
Mature seeds of L. inermis were harvested in Tazarine, province of Zagora (Morocco), in September 2015. Seeds were ground using a blender. Oily extract was prepared by sonication of the powder (40 g) with n-hexane (400 mL). The resultant extract was vacuum-filtered and subjected to rotary evaporation under reduced pressure.
Fatty acid composition:
Fatty acid composition of L. inermis seedoil was determined after conversion of the fatty acids to methyl esters and analysis by gas chromatography [11] . The chromatograph (Hewlett Packard HP 6890 GC system series) was equipped with a divider injector (T: 240°C) and a FID (T: 260°C). The carrier gas was nitrogen (PE: 12.4 bar). The analysis was performed by programming temperature (140°C to 200°C with a rate of 10°C/min and an isotherm at 200°C for 60 min) on a polyethylene glycol capillary column (L x I.D. 30 m x 0.25 mm).
Sterol composition:
After trimethylsilylation of the crude sterol fraction, the sterol composition was determined using a Varian 3800 instrument equipped with a VF-1 ms column (L x I.D. 30 m x 0.25 mm) and helium (flow rate 1.6 mL/mn) as carrier gas [12] . Column temperature was isothermal at 270°C. Injector and detector temperature was 300°C. Injected quantity was 1 μL for each analysis. Data were processed using Varian Star Workstation v 6.30 (Varian Inc., Walnut Creek, CA, USA).
Determination of the total phenolic content:
This was determined according to the Folin-Ciocalteu method [13] . Briefly 0.5 mL of sample solution was mixed with 2.5 mL of Folin-Ciocalteu reagent diluted with distilled water (1:10), followed by the addition of 4 mL of Na 2 CO 3 (7.5%, w/v). The mixture was then incubated in a water bath at 45°C for 30 min and the absorbance measured at 765 nm using a UV-Vis spectrophotometer against a blank sample. The standard curve of gallic acid was obtained under the same conditions using a range of concentrations. The total phenolic content was measured as gallic acid equivalents (mg GAE/g DM).
Free radical scavenging activity (DPPH): A 0.2 mM solution of DPPH in EtOH was prepared and 0.5 mL of it was added to 2.5 mL of plant extract and was allowed to stand at room temperature for 30 min. Absorbance was read at 517 nm against blank samples.
ABTS radical scavenging assay:
Stock solutions of 7 mM ABTS and 2.4 mM K 2 S 2 O 8 in equal volumes were allowed to stand in the dark for 12-16 h at room temperature. Prior to assay, ABTS solution was diluted in ethanol to give an absorbance of 0.700 ± 0.02 at 734 nm. Then, 2 mL of the resulting solutions were allowed to react with 200 μL of the plant extracts with different concentrations [150-1500 µg/mL]. The reaction mixture was vortexed and absorbance was measured at 734 nm after 30 min. The same protocol was used with trolox in various concentrations [1-60 µg/mL]. The inhibition percentage of ABTS +. was calculated and compared with trolox.
Determination of reducing antioxidant power (FRAP):
Various concentrations of extracts from the stock solutions [1000 µg/ mL] and the standard [20-200 µg/mL] (Trolox) were mixed with 2.5 mL of phosphate buffer (0.2 M, pH 6.6) and 2.5 mL of potassium ferricyanide (1%, w/v). The mixture was incubated at 50°C for 20 min. Then 2.5 mL of trichloroacetic acid (10%, w/v) was added to the reaction mixture that was centrifuged at 3000 g for 10 min. The upper layer of the solution (2.5 mL) was mixed with deionized water (2.5 mL) and 0.5 mL of ferric chloride (0.1%, w/v). The absorbance was measured at 700 nm after 30 min. The reducing power was represented as trolox equivalent (mg TE/g DM).
